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The f irst  ex tens ive  ph'd.?zonsetric o of t he   mu tua l   ec l ip ses   and  
. -  ?* , .. , . , > 

o c c u l t a t i o n s  of t h e  Galilean satelIite ' t o   J u p i t e r ' s  197'3 appa- 
r i t i o n .   S i n c e   t h a t   t i n e ,  a t  every   s ix   year   3ppor tuni ty ,   such   observa t ions  
have  been  continued  and  improved. Our most " scen t   con t r ibu t ion  ( G S O ,  1 9 9 1 )  
concenzrated on s a t e l l i t e  a s t r o m e t r y ,   d e r i v i r q   s e p a r a t i o n s   b e t w e e n   s a t e l l i t e s  
f rom  near ly  2 0 0  l i gh t   cu rves -obse rved  dwiga..*.1985 season.  The p resen t  
p a p e r   c o n t i n u e s   t h i s   t r a d i t i o n  [see refere&es"In GSO (1991) l  by ob ta in ing  
astrometry  f rom 213 light  curves  observed  durFng 1 9 9 0 - 1 9 9 2 .  The re   a r e ,  
however,   three new a s p e c t s   t o   t h i s   p a p e r .   F i r s t ,  w e  wish   to   ment ion   tha t  
some 80% of the   da ta   reduced   here   has   been   co l lec ted   and   he lpfu l ly   p laced  
on  the WEB by t h e   s t a f f  of t h e  Bureau  des  longitudes  [http:/ /www.bdl.frl  so 
as t o  be widely a v a i l a b l e .  We g r e a t l y  appr-g t n i s   s e r v i c e .  The 
o t h e r   f o r t y   c u r v e s  were e i ther   observed  &Fur Ebifinunicated t o   u s   a n d  w i l l  

~~ 

.. . I .- 

. . I .  - _. 

a l so   s con   be   ava i l ab le   a t   t he   above   addres s .  Second, w e  redeem a pledge 
made in  GSO ( 1 9 9 1 )  by comparing i ts  re su l t s - - a s  w e l l  as those   der ived   here- -  
w i th   t he   w ide ly   u sed  s a t e l l i t e  @phemeridesZ:-TD-~and E5,  cons t ruc t ed  by 
Lieske  (1998  and i t s  r e f e r e n c e s ) .   F i g u r e s   d i s c u s s e d   i n   t h e  l a s t  s e c t i o n  
provide   these   compar isons .   F ina l ly ,  i n  the o>ning  paragraphs of t he   nex t  
s e c t i o n ,  w e  need   t o   r ev i s i t   p rob lems   r a i sed  by phase   co r rec t ions  so as t o  
provide  a c l e a r   a n d   v e r i f i e d   p r e s c r i p t i o n  f o r  handl ing   pas t   and   present   da ta .  

. -  1 . .  

11. Review cf Reduction  Procedures;  the  1391 Data 

F i r s t ,  a b i t  of h i s t o r y :  It has  been OUT p l a n   t o   p r e s e n t   t h e   r e s u l t s  
de r ived  from  mutual ever,., observat ions  over  t:?? four   "seasons" ,   1973,  1 9 7 9 ,  
1985  and 1 9 9 1  as a completely  self-consis tent   body.  Any s e a r c h   f o r   s e c u l a r  
effects i n   I o ' s   m o t i o n   i n   p a r t i c u i a r  sets tn i s   r equ i r smen t .  Improved ob- 
se rva t iona l   me thods ,   pa r t i cu la r ly   w i th   r ega rd  t o  t iming,   has  meant t h a t   t h e  
q u a l i t y  of t he   da t a   ob ta ined   du r ing   t he  two r:st r e c e n t   a p p a r i t i o n s  is some- 
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what s u g e r i o r   t o   t h e  f i r s t  two.  Reductisn  grzzedures  have a l s o  been  improved 
and  ccrrected  and i t  is  zo  t h a t   t o p i c   t h a r  we -,jish t=  tu r r .   a t t en t ion  now. 
Our a i3   i n   ana lyz ing   t he   mu tua l   even t s  i s  t o  e r m i d e  a t a b u l a t i o n  of  r e l a t i v e  
p o s i t i z n s  of the   geometr ic   cen ters   o f  t w 3  s a t s l l i t e s   a t  a s p e c i f i e d  time. 
An o b v i m s   c a n d i d a t e   f o r   t h e   l a t t e r  i s  the   l igh t   curve   mid t ime.  However, 
t h i s   o b s e r v e d  t i m e  corresponds  to  the  se_carat:=n  betmen  the  geometric 
c e n t e r  3 f  t h e   e c l i p s i n g  3r o c c u l t i n g   s a t s l l i z e  and t h s  l i g h t   c e n t e r  of t he  
ecl ipszd [ o c c u l t e d ]   s a t e l l i t e .  The intro&Jcr:on of ghase   co r rec t ions  is  a 
s tandard   t echnique  whereby the   geometr ic   cen t t r  of a body a t  a gibbous  phase 
car,  be  recovered  from  phtometry. Thus the  zr3per  use o f  phase   cor rec t ions  
would l e a d   t o   t h e   d e s i r e d   g o a l  of y i e ld ing   s eya ra t i cns  of t h e  sa te l l i t es '  
geometr ic   cen ters  a t  midavent. 

The nature   and  magci tude  of   the  phase  ccrrect ions  needed  to   account   for  

http://www.bdl.frl
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t h e  small s y s t e m a t i c , e f f e c c s  shown i n   t h e   a n a l y s i s  of the  1 9 7 3  daza  (Aksnes 
and   Frankl in ,  1976') f i n a l l y   d i s c u s s e d   a n d   c a l c u l a t e d  by  Aksnes e t  a1 . 
(1986) .  They shc$&?&at c o r r e c t i n g   f o r   p h a s e   e f f e c t s   c o u l d  be done   e i ther .  
by a l t e r i n g  ths-r+&$i%e s a t e l l i t e   p o s i t i o n s  a t  given time [ e . g . ,   t h e  mid-_ - .:- 
t i m e ] .  o r ,  eqwUy by applying -t opriate   change t o  the .*at* ..":&&Y.%-b 
i t s e l f .  Because 3-79 p o s i t i o n   l r e a d y  been   publ i shed ,   tha t  
paper   fol lowed  the. .second  opt ion and provided a set  of t i m e  c o r r e c t i o n s ,  DT, 
t o  a l l  t h e  earlier tabblated material. It  w a s  o u r   i n t e n t   i n   r e d u c i n g   t h e  
1 9 8 5  d a t a   t o   p r e s e n t   i n   T a b l e  I of GSO ( 1 9 9 1 )  a l i s t i n g   t h a t   i n c o r p o r a t e d   t h e  
p h a s e   c o r r e c t i o n s   i n t e r n a l l y  so t h a t   t h e   g i v e n   a s t r o m e t r i c   o f f s e t s  would 
cor respond  to   geometr ic   cen ter   separa t ions  a t  t h e   l i s t e d  midtimes.  In pre-  
p a r i n g   t h e  present:. r and   checking   of fse t s   aga ins t   the  E3 and E 5  epheq- . I  . 

e r i d e s ,  i t  became cI'&ar t h a t   t h e  small phase   co r rec t ions   u sed   i n  GSO w e r e  
co r rec t   i n   magn i tude   bu t  had  been  appl ied  to   the s a t e l l i t e  s e p a r a t i o n s   i n  
r i g h t   a s c e n s i o n   a n d   d e c l i n a t i o n   w i t h   t h e   o p p o s i t e   s i g n .   T h i s   s i g n   e r r o r  
r ema ined   unde tec t ed   i n  GSO ( 1 9 9 1 )  because  our  checking  then w a s  based   on   the  

. . p; i: c . . .- 
. -  . . .  I .  

- .  _ -  1 

, . s - ,  
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.. . -d 
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run of l o n g i t u d e   a n d   l a t i t u d e   c o r r e c t i o n s  [DX and Dz] which  had  been  properly 
phase   co r rec t ed .  By a happy  turn  of  events,  however, w e  had   a l so   p rovided  
i n   t h e  GSO table t h e  time c o r r e c t i o n s ,  DT. That   for tuna te  inclusiQn m e a n s  .' ' 

t h a t   t h e   e r r o r   c a n  be removed and   co r rec t   r e su l t s   r ecove red  by adding DT 
t w i c e  5 s  the times g i v e n   i n  GSO Table I ,  column 2 .  We h a v e   c a r e f u l l y  
checked . i r i   eve^ w a y  w e  a r e  aware of t ha t   t h i s   p rocedure  i s  c o r r e c t .  We 
do regret   any  confusion  that   has   been  caused.  

Now t o   t h e   p r e s e n t :   S i n c e  some of t h e  1 9 9 1  d a t a  had a l r e a d y  been re- * . .  ;::; 
duced  before  w e  n o t i c e d   t h e   e r r o r ,  w e  have   e lec ted   to  rely i n   t h i s  paper O n - - . .  -:.*.2%r'b.;,- 
changing  the  observed  midtimes  by  adding  the "2DT" c o r r e c t i o n   t o   a l l   e n t r i e s .  
Thus the   header  on c o l  2 reads  "CtdTime"  [ in UTC], i .  e . ,   " c o r r e c t e d  t i m e " ,  
r a t h e r   t h a n   m i d t i m e ,   t o   r e f l e c t   t h i s   p o l i c y .   S i n c e   T a b l e  I a l so   p rov ides  
t h e  DT c o r r e c t i o n  i tself  i n   c o l  3 ,  midt imes,   should  they  be  of   interest ,   can 
be   ob ta ined   by   subt rac t ing  2DT from c o l  2 .  A t  t h e  r i s k  of  being  redundar,c, 
w e  i nc lude   he re  a g e n e r a l   p r e s c r i p t i o n   f o r   h a n d l i n g   a l l  of our   pcbl i shed  
mutual   event   data:  

. . . . : - ~  -&& .> 7d*&+&. 

da:a year   re fe rence  method 
1 9 7 3  Aksnes  and  Franklin ( 1 9 7 6 )  add DT t abu la t ed  ir, hkscas e t  
1 9 7 9  Aksnes e t  a l .  ( 1 3 8 4 )  a l .  ( 1 9 8 6 )  t o   a l l   m i d t i m e s  
1 9 8 5  GSO ( 1 9 9 1 )  D T ' s  are g i v e n   i n   t h a t   p a p e r ;  

add 2DT t o   l i s t e d   m i d t i m e s  

1 9 9 1  t h i s   p a p e r  u s e  c o l s  2 ,  6 and 7 as given 

I n  most ways Table I s f  t h i s   p a p e r  is  i n   t h e  same forrnat  as  Table 1 

o f  GSO ( 1 9 9 1 ) ,  a f a c t   t h a t   a l l o w s   u s   t o  compress the   fo l lowi-g   descr ip t ion .  
More in fo rma t ion   r ega rd ing   i n s t rumen ta l   de t a i l s ,  techniques  and  locat ion of  
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t h e   o b s e r v i n g   s t a t i o n s  which are abbrev iazed   i n   co l .  I ,  a r e   a c c e s s i b l e   a t   t h e  

:; -z=-ie c o l .  1 l a b e l l e d   " d a t e "   g i v e s  f i rs t  the  day  and  then  tke month  of  1991--except 
_, , -?:- A 

:. Bureau  des   longi tude 's  WEB s i t e  mentioned earlier.  :'he second  par t   o f  
, .  . . ...-, 
. -  

, ,  5. i .  - ~ .,e.:@:* ... - ,. - ." I I " 

:" - 7  I .  
1 _. < , A 7  I . .. ~ 

. 
" 
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f o r   t h e  few 2e /o3   even t s   t ha t   occu r red   i n  Nov. and Dec.. 1 9 9 0  and   the  two 
< . ;-u. "7 

o t h e r s   i n  March, 1 9 9 2 .  [ E u r o p a ' s   i n c l i n a t i o n  of nea r ly  0 . 5  deg is  respon- 
s i b l e   f o r   e v e n t s   t a k i n g   p l a c e  a t  times somewhat d i sp laced  from when t h e  
ea r th   o r   sun   pas ses   t h rough   t he   Jov ian   equa to r i a l  plar_e.] 

: , . .. 
I ... F. '.. .,._ .F . 

We h a v e   a g a i n   r e t a i n e d   i n   c o l s .  4 and 5 the lmxjitude  and l a t i t u d e  " 

.. . 

c o r r e c t i o n s ,  DX and D z ,  to   Sampson's  ( 1 9 2 1 )  theory.  They al low  an easy COm- 

p a r i s o n   w i t h   r e s u l t s  a t  earlier appa r i t i ons ,   be fo re  a xo re   p rec i se   t heo ry  

( c f  Lieske,   1998)  w a s  developed,   while   a lso  providing a h e l p f u l  aid i n  track- 
i n g  down spur ious   obse rva t ions .  Both cor rec t ions .ap&x-a t   the  observed mi&- 
times l i s t e d   i n   c o l   8 ,  which  have  been  antedated t o  give' t h e  J E D  [ephemeris 
t i m e 1  a t  J u p i t e r .   F i g u r e  4 p lo t s   t he   l ong i tude   co r recc ions ,  DX, f o r   t h e  
ex tens ive  series of 2 e / o l   e v e n t s   o c c u r r i n g   i n   t h e   e a r l y  months  of 1 9 9 1 .  
[Phase  correct ions  have  been  appl ied;   had  they been &sent--or  wrong-- 
systematic differences  between  the eclipses and  occultaiions  would  be  ap- 
p a r e n t . ]  Columns 6 and 7 provide   separa t ions  i n  r igh t   a scens ion ,  D M ,  and 
d e c l i n a t i o n ,  DD, between two satel l i tes  a t  t h e  time l isted i n   c o l .  2 .  They 
are i n   t h e   s e n s e  of e c l i p s e d   [ o c c u l t e d ]   s a t e l l i t e  mincs ec l ip s ing   [occu l t ing1  
s a t e l l i t e  and a re  he l iocen t r i c   o r   geocen t r i c   d i sp l ace rezEs   r e spec t ive ly .  

< .  

F i n a l  columns l i s t  geocen t r i c   [occu l t a t ions ]   and   he l iocen t r i c   [ ec l ip ses ]  , 

o rb i ta l   phase   angles   and   weights   ca lcu la ted  accTw-.B:e, simple €arxi@a: c-.y+:?,.m:-;* 

d i scussed  by  Aksnes  and  Franklin  (1976) . Certai%.&&&s iik'ted i n  T d b i e  I-- 
a n n u l a r   o r   t o t a l   e c l i p s e s ,   f o r  example--sometimes f a i l  t o  p rov ide   accu ra t e  
l a t i t u d e   c o r r e c t i o n s  and i t  becomes n e c e s s a r y   t o  imposs a value  der ived  f rom 
o tne r   cons ide ra t ions   [ c f  GSO, 19911 on t h e   s o l u t i o n .  The appearance of D z  
i n   p a r e n t h e s e s  marks t hese  cases, which  have a l s o  beer. ass igned   the   lowes t  
weight .  

. ,. 

" . 

111. Accuracy o f  Resul t s ;   Res idua ls  

Normally, a J o v i a n   a p p a r i t i o n   i n  which  mutual  o-.-rnts  occur will in -  

-6-  

c lude  a series of ec l ip ses   and   occu l t a t ions   t ha t  exzer.2 sve r  a cons ide rab le  
r ange   o f   o rb i t a l   phases   fo r   one   s a t e l l i t e   wh i l e   t he  cr:--rr remains much 
mors c lose ly   conf ined .  Such a sequence,  because if, 1s a l s o   l i k e l y   t o   s c a n  
a range  of   solar   phase  angles ,   provides   an  important  r.sms of  a s s e s s i n g  
accuracy ,   bo th   o f   the   observa t ions   and   ths i r   theore t izz l   representa t ion .  
I n  1 9 8 5  two of t h e s e  series were well-obssrved. The f i rs t  involved 
e c l i p s e s   a n d   o c c u l t a t i o n s  of  Europa  by Ganymede whose r e s idua l s   w i th   r e spec t  
t o   t h e  E 5  ephemer i s   a r e   p lo t t ed   i n   F igs .  l a  and  b. Fiylres 2a,b  and 3 
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concen t r a t e  on the   o the r  series, showing r e s i d u a l s  from  both E 3  and E5 f o r  
a Set o f   even t s   i n  which I o  eclipsed  and  occulted  Europa. A look  a t  a l l  
t h e   f i g u r e s  leads t o   t h e   f o l l o w i n g  comments. First ,  a comparison of 
F ig .  2a wi th  2b i n d i c a t e s   t M t , ' t h e  E5 ephemeris   represents   an improvement 

F i g s .  6a  and b a r g u e   t h a t   t h e i r   a v e r a g e  magnitude has   lessened as w e i ~ ? ~ - : ~ ~ '  

S e c o n d ,   s c a t t e r   i n   t h e   d e c l i n a t i o n   r e s i d u a l s  is quite g e n e r a l l y   l a r g e r .   t h a n  
i s  t h e   c a s e   f o r   t h o s e   i n   r i g h t   a s c e n s i o n   [ c f   F i g s .  l a ,b ;  5a ,b3 ,   whi le   the  
s c a t t e r   i n  a l l  r e s i d u a l s   t e n d s   t o  be g rea t e r   fo r   even t s   occu r r ing   c lose r  t o  
Jup i t e r .   Bo th   e f f ec t s   a r e   u l t ima te ly   t he   consequence   o f   l i gh t   s ca t t e r ed  
from the  planet. . ,  The f i r s t , , e f f e c t   c a n  be t rag4,direct ly  t o  t h e  higb%t-r.&,.,L, 
p r e c i s i o n  of t h e  re la t ive longi tude  over  latitnde s e p a r a t i o n s   [ i . e . ,  %~$"f&%" 
Jovian   equator ia l   p lane   and   perpendicular   to  i t ]  obtained  from  the ligfit 
curve  of an  event,   because  the  former  depends on its t iming and t h e  l a t te r  
on i t s  ampl i tude .   Espec ia l ly   fo r   even t s  near J u p i t e r ,   a c c u r a t e  rneasuregtgnt 
of scattered l igh t   can   pose  a vexing  problem. ' CCD observa t ions  Es&,'::'f.&'. " 

example, Mallama ( 1 9 9 2 )  ] were i n  par t   des igned  t o  address t h i s   q u e s t i o d  1 
they  have made rea l  progress  toward  achieving more a c c u r a t e   l i g h t   c u r v e  '&- 

. ~. .I . __ 
, *  by reducing the .sptematic p,a&~~h of the   r i ghe r   a scens ion   r e s idua l s ,  . s & . h & & & ~ ~ ~ q . .  . ; -Y  .. i l '  . ~. .. 

I .  . ,.." 
. a -  

, ,  

" 
*I . : . , -,.- 

a~ 

" , i ~- ., . __" "5 .:.: 
' >  - 

~ 'C 

l i t u d e s .  Most observations,  however, were not  made wi th  C C D ' s .  Another 
e f f e c t   r e d u c e s   t h e   a c c u r a c y  of r e s u l t s   d e r i v e d  from occu l t a t ions   v s   [mos t ]  
e c l i p s e s ,   p a r t i c u l a r l y   w i t h   r e g a r d   t o   s e p a r a t i o n s  i n  d e c l i n a t i o n ,  becaukse 
the   de t e rmina t ion  of t h e i r   l i g h t   c u r v e   a m p l i t u d e s  requires a measurement  of 
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s a t e l l i t e  b r i g h t n e s s   r a t i o s .  Both the   i n f luence  of s c a t t e r e d   l i g h t   a n d  
[some] unce r t a in   b r igh tness  r&as have coarnj&u.&ed,to t h e  l a rger , sca t te r  i n  
t h e  1 9 9 1  data [c'f Figs.   S&,bccf.Jwhich were gatfie??ci?'a"erorn less homogeneous 
sources   than  w a s  t h e   c a s e   i n  1985. 

:.A : . ,_ .~:~ *;;; . iLr; + _  

Since  phase  corrections  have  proved  such a r e c u r r i n g   i s s u e ,  i t  i s  
now of some c o m f o r t   t o   s e e   i n  a l l  f i g u r e s   t h a t   t h e r e  are no s t r i k i n g  sys- 
tematic d i f f e r e n c e s  between r e s i d u a l s - - e s p e c i a l l y   t h o s e   i n   r i g h t   a s c e n s i o n - -  
generated  from ( a )  ec l ip ses   and   (b )   occu l t a t ions .  The series i n   F i g .   l a  
fo l lows  3 e 2  [open  squares]  and 302 events   over   solar   phase  angles   f rom 
0.5  deg.   [ that   happened t o  occur when events   were  taking  place  a t  a longi -  
t ude ,  1, of  Europa  equal  close  to 8 6  5eg . j   ou t  ts 6 . 4  deg.   near  1 = 1 0 0  dag. 
S ince   phase   cor rec t ions  f o r  e c l i p s e s  and  sccul ta t ior-s   are   equal  iz  magnitxde 
bu t   oppos i t e   i n   s ign   (Aksnes   e t  a l . ,  1 9 8 6 ) ,  their   complete   neglect   would 
in t roduce  a d i f f e r e n c e   i n   t h e   e / o   r e s i d u a l s  of  0 . 0 4 5  a r c   s e c   a t  6 . 4  deg.  
A more ex tens ive ly   covered   case  i s  t h a t  o f  t he   2e /o l  series of 1 9 5 1  pre-  
s e n t e d   i n  two ways i n   F i g s .  4 and   5a ,b .   In   F ig .   5a ,   there  seems t o  be  tha 
sugges t ion   t ha t   t he   occu l t a t ion   r e s idua l s   a r e   l a rge r   i n   magn i tude  when I O ' S  
l o n g i t u d e   l i e s   n e a r  2 7 0  deg. B u t  s ince   t h i s   pos i i i on   co r re sponZs  t o  
oppos i t ion ,   any   e /o   d i f fe rance   cannot  be the  resclt af   phase  effezzs .  

Figures  S a  and c p lo t   r i gh t   a scms ion   r e s idua l s   measu red  wiEh re- 

s p e c t   t o   t h e  E5  and E3 ephemerides. The former ha\.e an   average   va lue   c lzse  
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t o   - 0 . 0 5   a r c s e c ,   w h i l e   t h e   l a t t e r   a r e   f a r  less c o n s t a n t   o v e r   o r b i t a l  c!"ase 
angle   and   near ly  twice a s   l a rge .   The i r   behav io r   r a i se s  an ixEwrtane 
ques t ion :  do t h e   r e s i d u a l s   a r i s e  from  unmcdelled  dynamical e f f e c t s   o r   f r o m  
some photometr ic   p roper ty  of t h e  s a t e l l i t e  su r faces - - - a lbedo   va r i a t io r s   a r e  

k ind ly   t ook   t he  trouble to   p ro j ec t   an   a lbedo  xn& gf I o  de r ived  'ww;Alfrsd 
McEwen from  che 1979 Voyager encounters   to   the  viewing  geometry of t h e s e  1 9 9 1  
2e /o l   even t s .  H e  conc luded   tha t   an   ex tens ive   b r ight   reg ion  011 w 0 c - S  

"* ~ 

d i s p l a c e   t h e  s a t e l l i t e ' s  photometric  and geo&&ic c e n t e r s  by a- Lout 130 km 
and so produce systematic r igh t   a scens ion   r e s idua l s  of  about  -0.043  arcsec.  
H e  f o u n d   t h e   c o r r e s p o n d i n g   r e s i d u a l s   i n   d e c l i e i o n   t o  be  +0.025  arcsec so 
t h a t   i n   b o t h   c o o r d i n a t e s   t h e y  l i e  c lose   t o   ' t h&-&fues   appa ren t  i n  F igs .  5a 
and b .  Thus  one  interpretation  of  the ' 9 1  obsezruations wou'ld claim t h a t  
E5 represents   the   mot ion  of t h e   G a l i l e a n  satell i tes (and  of I o  i n  p a r t i c u l a r )  
t o   t h e  l i m i t  of obse rva t iona l   accu racy .   Th i s   poss ib i l i t y  rests p r i n c i p a l l y  
on the   (uncheckable)   assumpt ion   tha t  I o ' s  a lbedo   va r i a t ions   wer t   e s secc ia l ly  
t h e  same i n  1 9 9 1  as they were i n  1979 .  The a l t e r n a t i v e   i n t e r p r e t a t i c n  

e m e r i d e s   i n   t h a t  series have. Some combination of t hese  two is perhaps even 
more p l a u s i b l e .  

.. . 

a rgues   t ha t  E5 i t s e l f  may need f u r t h e r  revisioxf;;-much as t h e  ear l ie r  eph- ~ ,. 1 

It is unfo r tuna te   t o   have   t o  leave the   ques t ion   of   accuracy   in  :his 
u n c e r t a i n  s t a t e .  A t  p r e sen t  w e  can  only  cffer   several   remarks.   in ter .2 .ed  to  
be   bo th   c la r i fy ing   and   hopefu l :  1) t h e   g r e a t   m a j o r i t y  of t h e  m c r x l  ever.-, 
l i g h t   c u r v e s  o f  Io  are,~..L.except i n  the  infrared)   completely  symxxzric---a  
consequence of  t h e   l o w f e s o l t r t i o n  of small-to-moderate  instrumezzs---s:   that  
a l b e d o   v a r i a t i o n s  do not   appear   to   have  made a marked c o n t r i b u t i z n ;  2 ;  31- 

though a va r i ab le   a lbedo  w i l l  a f fec t  a l l  types of s a t e l l i t e  a s t r c n e t r y ,  
mutual   event   observat ions seem t o   b e   p a r c i c u i a r l y  a t  r i s k .   E c l i g s e   e i x i n g s  
of   disappearance  into  or   reappearance from J u p i t e r ' s  shadow r e l y  m l y  q c n  a 
small limb  segment of a s a t e l l i t e .  Thus,  although  modelling 1 i k  da r i en ing ,  
among o ther   concerns ,  i s  impor tan t ,   a lbedc   var ia t ions   a re  less s : .  r - - ." -2 

l a t t e r  do affect   photographic   and CCD a s t r sme t ry ,   bu t   t he i r   i n f lx snce  - . ~ u l d  
tend ts be  averaged  out i f  the  observatior-s  spanned a broad razes 2 f  s i z s l -  
l i t e   l z n g i t u d e s .  3 )  a s e r i e s  of J l e / o J 2  even:s s i m i l a r   i n   e x t s z r  z o  r?-t 
2 e ; o l ' s   a n a l y s e d   h s r e   o c c u r r e d   i n   t h e   s p r i z g  ar-d summer of  1 9 9 7 .  S i r - z s  " L  

i s  f a r  less a f f l i c z e d   w i t h   s u r f a c e   v a r i a t i z n s   t h a n  J1, t h e  new 3s: o f  i s t r o -  
m e t r i c   r e s i d u a l s   w i t h   r e s p e c t   t o  E5, when a v a i l a b l e ,  w i l l  go a l z z g  wal- 
toward  resolving  this   ambigui ty .  

-0  

-9 -  

I n   t h s   c a s e  of t h e   o t h e r   s a t e l l i t e s ,  i t  i s  r e g r e t t a b l e  ::^.sz ?-c, 

series 3 f  3e, 'o2 e v e n t s   s i m i l a r   t o   t h o s e   p l z t t e d   i n   F i g s .  l a  and B gccurrsd 
i n  1 9 9 1 .  However, Table I does   con ta in   (nu i t i p l e )   obse rva t iocs  sf Ehree 
3e2 even t s   a t   comparab le   o rb i t a l   l ong i tudes  t o  t he  1 9 8 5  s e t .  P s i r  meaz 
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r i g h t   a s c e n s i o n  r e s i h l s  a r e :  -0 .044  ( 3 1 ,  +0 .235  ( 9 )  and + 0 . 0 1 9  ( 3 )  and   in  
d e c l i n a t i o n :  -0 .0 ,3  ( 3 1 ,  + 0 . 0 0 4  (91 and i O . 0 0 8  ( 3 )  arcsec. E5 t h e r e f o r e  
seems to   p rovide   an   accura te   repF$senta&ion fcr  t h e s e   o r b i t s .  

more c l o s e l y   f o r  epi&&&&' of sec&ar o x  changes of t h e   s a t e l l i t e s  from ', 

1973  t o   t h e   p r e s e n t .  :'::. 

>. - 

. .  .- -2 4. 
_i " 3  ~ 

. ..- . 
The f i n a l  c iwp "-; , now & - m e p a r a t i o n ,  w i l l  look ~ + .  

":.>'I> 

. + ;.>. . . - .  . ..: ~ - " 
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. coope ra t ing   w i th  the eau   des   l ong i tudes ]   fo r   t he i r   va luab le   obse rva t ions :  ' .. 

~ _'I . 

Erratum:  In   Table  I of GSO ( 1 9 9 1 )  the  observed midtimes of   the two J1 
o c c u l t s  5 3  e n t r i e s  of  August 1 7 ,  1 9 3 5  were i n c o r r e c t l y   s t a t e d  by 
e x a c t l y  7 h r s  and  should  read: 

mo d a   h r  mn s ec  
08 1 7  1 2  [no t  051 34  4 3 . 2  az5 35  1 7  1 2  34  4 1 . 1 .  
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Figure  Capt ions 

Fiq.=la RBgidua.ls in   r igh t   ascens ion   f rom t h e  E5 ephemeris,   derived  from 
1 " . .  . . -: 

ec l ip ses   (open   squa res ]  and q c , c u l t a t i ~ ~ . ~ ~ f ~ ~ ~ e d  
.. - *. . -. 

. * -.- . - ,  . ~ .  
. .. . e , ,  ones]  of""Europa by Ganymede i n   J u n e  - S e p t . ,  1 9 8 5 ,  A l l  even t s  

occurred  when J3's l o n g i t u d e   l a y   i n  t h e  range 146 +/- 5 deg. 
. . , .. .- :; - ,  . 

Fig,,:-Ab Dec l ina t ion   r e s idua l s   f rom E5 f o r   t h e   e v e n t s  shown",.in F%s.;-la. 

Near ly   a l l   were   observed  a t  more than   one   s ta t ion .   In   bo th  

c o o r d i n a t e s ,  E3 r e s i d u a l s   d i f f e r e d  from t h o s e  of E5 by < 0 .01  

a r c  sec. 

_ I  : - 

F ig .  2a Right   ascension E3 r e s i d u a l s   g i v e n  by a series of I o  e / o  Europa 

e v e n t s ,  Aug. - Dec., 1985 ,  w i t h  Europa a t  34 +/- 6 deg.  Crosses 

c o r r e s p o n d   t o  a set of 5 2  e c l i p s e s  J1 events   wi th  5 2  ly ing   nea r  

1 6 6  deg. 

Fig. 3 Dec l ina t ion   r e s idua l s   f rom E5 f o r   t h e  same even t s .  E3 r e s i d u a l s  

a r e   n e g l i g i b l y   d i f f e r e n t .  

F i g .  4 Longi tude   e r rors  [ k m ]  of Sampson's   theory  as   der ived  f rcm  the 

s e r i e s  of e c l i p s e   a n d   o c c u l t a t i o n s  of Io  by Europa  observed  from 

Jan .  1 - May 2 6 ,  1991.  For a l l   e v e n t s   E u r o p a ' s   o r b i t a l   l o n g i t u d e  

i n  the range 2 0 7  +/- 1 2  deg.   Because  correct ions  for   phase 

de fec t s   have   oppos i t e   s igns   fo r   ec l ip ses   and   occu l t a t ions ,  t h e  

absence of obv ious   sys t ema t i c   e f f ec t s  over a range of 11 degrees  

in   so l a r   phase   ang le   [ c f   F ig .   Sa ]   a rgues   t ha t   phase   co r rec t ions  

a re   p rope r ly   i nc luded .  A t  t h e  Jov ian   oppos i t i on   d i s t ance ,  1 0 0  km 

cor responds   to   0 .033   a rc   sec .  
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/ Figure  Capt ions 

[ c f  Fig.  41 and  coded as  i n  Fig. l a ,  Mult iply  observed  events  . - .. I 

y i e l d  c h a r a c t e r i s t i c   s t a n d a r d   e r r o r s  of 0.006 and 0.009 a r c  sec 

f o r  t h e  e c l i p s e  and   occul ta t ion   res idua ls .   Res idua ls   f rom E3 

of -0 .042  arc  sec. 

F ig .  5b E5 d e c l i n a t i o n   r e s i d u a l s   f o r  t he  same s e r i e s  as Fig.  5a. The 

two s t a n d a r d   e r r o r s  are  now 0.012 and 0.015,  while  the  E3 re-  

s i d u a l s   a r e   s y s t e m a t i c a l l y  displaced by 0.012 a r c  sec.  Text 

and  Table I c o n t a i n   f u r t h e r  detai ls .  
" . e  . .  

F ig .  6a 1985 and 1 9 9 1  res idua ls   f rom E3,  each  based  on  about 200  l i g h t  

curves .   Squares   cor respond  to  r igh t  a s c e n s i o n ,   t r i a n g l e s   t o  

d e c l i n a t i o n .  

F ig ,  6b Companion t o  F ig .  6a, now employing the  E5 ephemeris.  Mutual 

even t   obse rva t ion   a r e  [are  no t ]   i nc luded   i n   de r iv ing  the  two 

ephemerides. 
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TABLE I 

,.16201.011 

f GEA201.051 
R G I 2 o p -  0 5 1  

ORM2el. 0 8 1  

CAT2e1.121 

CAT201.121 
E S 0 2 0 1 . 1 2 1  

TOK2e1.151 

TOK201.181 

TOK2af .  181 

TOK2e1.181 

BMD2el. 1 9 1  
N I C 2 e 1 . 1 9 1  
N I C 2 e l .  1 9 1  
TER2e1 .191  
C A F 2 e l .   1 9 1  
C A F 2 e l .   1 9 1  
E S 0 2 e 1 . 1 9 1  

ES0201 .191  

G E A 2 e l .  2 2 1  
C A F 2 e l .   2 2 1  
KAV2e l .   221  
OHP2e1.221 

KAv201.221 
N I C 2 0 1 . 2 2 1  
OHP201.221 
TER201.221 

CRM201.261 
~ 3 ~ ~ 2 0 1 . 2 6 1  
DR1201.261 

ORM2el .   261  
a M D 2 e l .   2 6 1  
D R I 2 e 1 . 2 6 1  

HAN201.052 
OHP201.052 

06  2 8   4 5 . 8  

0 0  2 0   2 3 . 7  
0 0  20 29 .8  

0 7   3 5  42 .7  

0 1  5 4   4 5 . 0  

03   05   52  - 9  
03  06  1 0 . 0  

1 5   3 0   0 2 . 5  

1 2  0 0  32.4 

1 7   2 5   1 3 . 2  

18  15 0 5 . 0  

0 4  59  3 0 . 2  
0 4  59  4 0 . 0  
0 4  59  30.8 
04  59  39 -9  
04  59 2 9  - 5  
04  59 5 0 . 2  
04  59 4 5 . 7  

05  33  58.8"- 

18 23  1 6 . 6  
18 23 1 2 . 0  
18 23  1 2  - 3  
18  23 1 4 . 4  

18  43 5 4 . 8  
18 43 5 4 . 2  
18 43 4 1 . 2  
1 8  43 5 6 . 9  

07 53 0 9 . 9  
07 53 1 0 . 2  
07 53 1 2 . 9  

07 44 4 9 . 7  
07  44 4 9 . 6  
07 44 4 8 . 8  

23  1 3  3 6 . 1  
23  1 3  3 3 . 3  

- 2 7 . 4  

1 0 . 8  
1 1 . 3  

2 1 . 2  

- 7 . 3  

5 . 7  
5 . 6  

-5 .1  

2 . 3  

- 9 . 4  

7 . 8  

-3 .1  
-3 - 2  
-3 :1 
- 3 . 1  
-3 .1  
- 3 . 2  
- 3 . 2  

%.F.; 3; 8 

-1.8 
-1.8 
-1.8 
-1 .8  

1 . 7  
1 . 7  
1 . 7  
1 . 7  

0 . 7  
0 . 7  
0 . 7  

- 0 . 7  
- 0 . 7  
- 0 . 7  

- 1 . 7  
- 1 . 7  

-982 

-426 
-457 

-898  

-494 

-227 
-342 

-3 17  

-169 

-997 

-988 

-223 
-324  
-251 
-3 0 3  
-220 
-385 
-350 

-262 

-194 
-159 
-160 
-179 

-198 
-189 

-65 
-219 

-66 
-69 
-98 

-84 
-7 6 
-76 

-20 
1 4  

. ,  . . - - .. ._. . . 5. 
1 3 2   - . 0 2 4 . - . 0 4 4   2 6 8 . 5 5 5 ' 5 4   2 1 6 . 0   2 5 0 . 8  1 

2 8 2   " 1 6 9   - . 5 5 6   2 6 8 . 6 0 4 6 4   2 1 7 . 4   2 5 7 . 4  

4 0 0   . 0 8 3  -326 2 7 5 . 2 3 6 1 9   1 7 3 . 4   1 6 9 . 3  1 

278   "006  -032 
3 6 0  . 0 0 5  -051  
493 . 015  - 0 8 4  

( 4 5 0 )  - 0 1 2   . 0 7 4  
5 6 6   . 0 2 0   - 1 0 3  

242   "149   "490  

( 4 0 0 )  -015 .0?1 
765 . 0 4 1  . 1 6 2  
2 7 5  - 0 0 5  . 0 3 9  
2 3 9  . 0 0 2  . 0 3 1  

331  - . 1 3 0  - . 4 1 5  
3 0 8  - . 1 2 9  "422 
2 6 4  "133 - . 4 3 6  
2 9 5  - . 1 3 0  - . 4 2 6  

3 7 4  - . l o 6  "350 
3 8 9  - . i o 5  - . 3 4 5  
4 0 6   - . l o 3   e . 3 4 0  

3 6 9  - 3 1 8  . 0 7 1  
3 6 3  - 9 1 9  . 0 0 9  
2 8 1  - 9 1 1  . 0 4 9  

522  - .c)47  "127 
544   "945  " 1 2 1  

2 7 5 . 6 8 3 7 0  
2 7 5 . 6 8 3 9 4  
2 7 5 . 6 8 3 8 9  

2 7 5 . 7 0 7 6 5   2 1 8 . 3   2 6 3 . 6  1 

2 7 9 . 2 4 1 9 3   2 1 8 . 4   2 6 4 . 6  
2 7 9 . 2 4 1 8 8  
2 7 9 . 2 4 1 8 8  
2 7 9   - 2 4 1 9 1  

2 7 9 . 2 5 6 2 5   2 1 8 . 5   2 5 6 . 2  
2 7 9 . 2 5 6 2 6  
2 7 9 . 2 5 6 1 1  
2 7 9 . 2 5 6 2 9  ' 

2 8 2 . 8 0 4 3 8   2 1 8 . 6   2 5 8 . 7  

2 8 2 . 8 0 4 4 1  

1 - 

- 

2 8 2 . 8 0 4 3 8  

2 8 2 . 7 9 8 5 9   2 1 8 . 6   2 6 8 . 1  1 

2 8 2 . 7 9 8 5 8  
2 8 2 . 7 9 8 5 9  - 

2 9 3 . 4 4 3 5 1   2 1 8 . 5   2 7 5 . 0  
2 9 3 . 4 4 3 4 8  



_ u t e  Midtime DT . :$X DZ . D M  DD J E D  - PH1 PH2 W ;  
1 .* $$ 1 

. .. " 4". 2448000  
" 

. ~ . 0 5 2   2 3   1 3   3 8 . 4  -1 .7  ' - 4 8   4 1 7   - . 0 5 6   - . 1 5 9   2 9 3 . 4 4 3 5 4   2 1 8 . 5   2 7 5 . 0  1 
-1;x .-. . , - 6 1  5 4 7   - . 0 4 5   " 1 2 0   2 9 3 . 4 4 3 5 5  
-1-7 . -  s-':: 58 ( 4 0 0 ) - . 0 4 2   " 1 7 0   2 9 3 . 4 4 3 4 8  - - . 2 4 7   2 9 3 . 4 4 3 5 2  1. :-;:- 

._ ". 
, ,..+fl'.L 3 5 1 3 3 -:: 0 8 2 

. .  . .: i 
- 

,,;1.052 23  1 3  3 9 . 4  
2 0 1 . 0 5 2  2 3  1 3  3 3 . 7  

$201 .052  2 3  1 3  3 7 . 3  

a W 2 e l . 0 5 2  23 3 6   2 8 . 2 .  

'GEA2e1.052 23 3 6  2 3 . 9  
BSP2e1 .052  2 3   3 6  2 3 . 9  
GEA2e1.052 2 3   3 6  2 1 . 4  
OHP2e1.052 2 3   3 6  2 3 . 7  
GEA2e1.052 2 3   3 6  2 9 . 2  

KAK201.092 1 2  19  3 0 . 5  
BNZ201.092  12 19 30.3,. 

KAKZel .092   12  51  31 .8  
BNZ2e1 .092   12  51 2 8 . 8  

NIC201 .132  0 1  2 4  2 8 . 7  
NIC201 .132  0 1  24  3 1 . 6  
P IC201 .132  0 1  2 4  2 6 . 1  
GEA201.132 0 1  24  31 .7  
OHP201.132 0 1  24  2 5 . 8  
E S 0 2 0 1 . 1 3 2  0 1  24  2 8 . 4  
ORM201.132 0 1  24  2 5 . 5  

LOW2e1.132 02  0 5  0 4 . 8  
N I C 2 e 1 . 1 3 2  02 0 5  0 6 . 9  
P I C 2 e 1 . 1 3 2  02  0 5  0 6 . 5  
GEA2e l .   132  02  0 5  1 0 . 9  
E S 0 2 e 1 . 1 3 2  02 0 5  0 8 . 8  
BMD2el.132 02 0 5  0 6 . 5  

KAV201.162 1 4   2 9   4 2 . 3  
VIA201.162 1 4  2 9   3 9 . 0  

VIA2e1 .162  15  18 3 5 . 5  
KAV2el .162 15  18 3 1 . 8  

O H P 2 e l . 2 0 2  0 4  3 1  0 3 . 5  
Z S 0 2 e l . 2 0 2  0 4  30  4 9 . 2  
LOW2e1.202 0 4  30  4 4 . 6  

LOW201.202 03  34 1 4 . 3  
3 1 C 2 0 1 . 2 0 2  03  34  1 2 . 8  
ZS0201 .202  03  34  2 5 . 0  
2 1 0 2 0 1 . 2 0 2  03  34 1 2 . 0  
30R201 .202  03  3 4  1 3  . O  
KEU201.202 03  34  1 5 . 9  

?AV201.232 1 6  3 9   1 5 . 2  

G E A 2 e l .   0 5 2   - 2 3   3 6   3 0  -2-  

- 2 . 8  
-2 .8  

-2.8 

2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  
2 . 7  

- 3 . 3  
-3 .3  

3 . 1  
3 . 1  

3 . 6  
3 . 6  
3 . 5  

- 3 . 8  
- 3 . 8  
- 3 . 8  
- 3 . 8  
- 3 . 8  
- 3 . 8  

- 4 . 2  

-2.8 

28 ( 4 0 0 ) - . 0 2 4  
107 (400)  - .  0 2 4  

117 320 - .030 

2 0 3   3 0 4   . 0 1 9  
175 4 4 5  - 0 3 2  
1 9 3  3 4 0  . 0 2 3  
118 482  . 0 3 4  
1 4 7  4 4 6  . 0 3 2  
1 8 2  363 - 0 2 5  

"~*"'74 ' ( 4 O O ) - - .  0 2 5  

1 7 0  3 5 4  - . 0 1 1  
2 1 1  3 2 5  - . 020  

181 3 2 5  - 0 1 3  
2 3 3  4 0 5  . 0 2 7  

3 1 4  
2 2 6   ( 4 0 0 )   . 0 2 4  
2 9 8   4 6 0   - 0 2 9  

1 9 6  350  - 0 0 5  
210  549  . 0 2 3  

35 ( 4 0 0 )  . 0 0 9  
2 2 1  6 5 8  . 0 3 1  
2 0 6  2 4 7  . O O O  
1 6 5  ( 4 0 0 )  . 0 1 0  

2 4 8   3 6 1   . 0 2 3  

- .  034  
-. 034  
-. 0 3 6  
-. 0 5 9  

- 0 3  6 
. 0 7 1  
. 0 4 5  
- 0 8 0  
. 0 7 1  
. 0 5 1  

. 0 1 9  

. 0 1 1  

. 0 3 1  

. 0 4 9  

. 0 3 1  
- 046  

. 0 8 6  
- 1 4 7  
. l o o  
. 1 7 8  
. 0 5 6  
. l o 2  

-158  

2 9 3 . 4 5 9 4 2   2 1 8 . 4  2716.5 - 2  
2 9 3 . 4 5 9 4 1  1. 
2 9 3 . 4 5 9 3 4  1. 
2 9 3 . 4 5 9 3 4  1 
2 9 3 . 4 5 9 3 1  
2 9 3 . 4 5 9 3 4  
2 9 3 . 4 5 9 4 0  1. 

2 9 6 . 9 8 9 2 1   2 1 8 . 4   2 7 6 . 9  2 
2 9 6 . 9 8 9 2 1  1; L 

2 9 7 . 0 1 1 4 5   2 1 8 . 2   2 7 9 . 0  1. 
2 9 7 . 0 1 1 4 1  1 

3 0 0 . 5 3 4 2 4   2 1 8 . 2   2 7 8 . 7  1 . 5  
3 0 0   - 5 3 4 2 7  2, c 
3 0 0 . 5 3 4 2 1  2 
3 0 0 . 5 3 4 2 7  
3 0 0 . 5 3 4 2 0  

1 . 5  
1 

3 0 0 . 5 3 4 2 3  1.: 
3 0 0 . 5 3 4 2 0  1. " f c 

3 0 0 . 5 6 2 4 4   2 1 7 . 9   2 8 1 . 3  1.: 
3 0 0 . 5 6 2 4 6  1.: 
3 0 0 . 5 6 2 4 4  
3 0 0 . 5 6 2 5 0  

1.:  
2 

3 0 0   - 5 6 2 4 8  2 
3 0 0 . 5 6 2 4 5  2 

3 0 4 . 0 7 9 4 2   2 1 8 . 0   2 8 0 . 6  2 
3 0 4 . 0 7 9 3 7  1 

3 0 4 . 1 1 3 3 5   2 1 7 . 6   2 8 3 . 6  1 
3 0 4 . 1 1 3 3 3  2 

3 0 7 . 6 6 3 6 4   2 1 7 . 2   2 8 5 . 7  
3 0 7 . 6 6 3 4 0   2 1 7 . 2   2 5 5 . 6  1 
307  - 66334  1 . 5  

3 0 7 . 6 2 4 1 1   2 1 7 . 8   2 8 2 . 2  1 . 5  
3 0 7 . 6 2 4 0 9  1 . 5  
3 0 7 . 6 2 4 2 3  - 
3 0 7 . 6 2 4 0 8  1 . 5  
3 0 7 . 6 2 4 0 9  - 
3 0 7 . 6 2 4 1 3  - 
3 1 1 . 1 6 9 1 0   2 1 7 . 5   2 8 3 . 9  2 

.. 

- 
1 

" 



Table I [ 

J a t e .  Midtirne DT DX Dz DRA DD J E D  - PHI. PH2 Wc_ 
2448000  

, e I . 2 3 2  17 4 2   5 8 . 7   3 . 9   3 1 7   6 1 3   - 0 3 7  . 0 6 6  3 1 1 . 2 1 3 3 6   2 1 6 . 7   2 8 7 . 7  1 
Le1 .232  17 43  0 0 . 1  3 . 9  

.4J320&.272 Q S  4 3   4 5 . 6   - 4 . 6  

GEA2e1 .023   20   05   35 .4  
DAC2e1.023 20  0 5  2 7 . 1  
N I C 2 e l .   0 2 3  &&&-L05 34 .9  
NIC2e l .   023 , .  z€f 95 2-6.4 
CAF2el .   0231 
MEU2el. 0&~-2B 0 5   2 2 . 1  

TOK2el I 0 6 3 -  0.9 15 57.6 
TOK2e1.063 0.9. 1 6  0 2 . 7  

CAT201.093 20' 58 2 9 . 9  
GEA201.093 2 0  58 35 .3  
KAV201.093 2 0  58 37 .7  
PAR201.093 2.0 58 4 0 . 6  

I . ' 

TER201.093 20 58 3 6 . 2  
... 

TER2e1 .093   22   26   31 .9  
BOR2e1.093 2 2  2 6  3 1 . 5  
OHP2e1.093 2 2  2 6  3 4 . 8  
PAR2e1.093 22  2 6  2 8 . 5  
MEU2el .093 22  2 6  2 9 . 9  

BRB201.163 23   09  1 4 . 2  
ESS201.163 2 3   0 9  0 9 . 7  

BMD2e1.173 00  4 6  2 2 . 0  
P I C 2 e 1 . 1 7 3  00  4 6  1 9 . 9  
N I C 2 e 1 . 1 7 3  0 0  46  1 8 . 9  
N I C 2 e 1 . 1 7 3  0 0  4 6  1 9 . 0  
Ei I02e1 .173  0 0  46  2 1 . 7  
D 7 1 2 e l .   1 7 3  0 0  46 2 5 . 9  
S S S 2 e 1 . 1 7 3  0 0  46  2 1 . 3  

V I A 2 0 1 . 2 0 3   1 2   1 4   4 5 . 4  

S S A 2 e l . 2 0 3  1 3   5 5  4 0 . 5  
iKAV2el.203 1 3   5 5  4 2 . 7  

: i v J 2 0 l . 2 7 3   1 4   2 6   3 7 . 2  

: A V 2 e l . 2 7 3  1 6  1 4   1 2 . 2  

3 m 2 0 1 . 3 1 3   0 3   3 3   0 5 . 2  

4 . 5  
4 . 5  

L&..>4 L 5  
.;;,r-" :: 4 . 5 

. 4  * 5 
4 . 5  

. 4 . 8  
4 . 8  

- 5 . 2  
- 5 . 2  
-5 .2  
-5.3 
- 5 . 3  

4 . 9  
4 . 9  
4 . 9  
4 . 9  
4 . 9  

- 5 . 2  
- 5 . 4  

5 . 2  
5 . 2  
5 . 2  
5 . 3  
5 . 2  
5 . 3  
5 . 2  

- 5 . 0  

5 . 4  
5 . 4  

- 4 . 9  

5 . 6  

:p. .. 

- 3 . 6  

2 9 5  

2 6 2  

3 2 6  

4 4 1  
4 2 1  

3 0 1  
4 4 6  
3 1 0  
4 5 9  
4 8 2  
5 3 4  

- 0 3 1   . 0 4 5  

- 0 5 4   . 2 7 6  

- 0 2 6  - 0 2 3  

- 0 6 7  .330  
- 0 5 4  - 2 8 8  

. 0 1 8  - .  008 

. 0 1 8  - .  010 

. 0 1 8  -. 008 

.010  - .  033 
- 0 1 8  -. 008 
- 0 1 8  -. 008 

4 7 1  566 - 0 1 7  - .018  
3 9 0  ( 5 0 0 )  . 0 1 2  - .  034 

5 3 9  637 . l o 8  .497  
4 4 8  593 - 1 0 5  .484  
4 0 3  5 2 4  - 1 0 0  - 4 6 4  
3 6 0  2 8 8  . 0 7 9  . 3 9 6  
432  4 4 1  . 0 9 2  .440  

4 6 2  3 5 0   - . 0 0 8  - . 099  
4 6 8  4 3 0  - . 0 0 1  - . 0 8 0  
4 0 8  5 0 5  .005 "061  
5 2 6  ( 4 3 0 ) - . 0 0 2  "080 
4 9 7  4 5 8  . O O O  - . 0 7 3  

4 3 9  5 6 4  -131  -586  
5 2 9  327 .111 - 5 2 0  

551 5 4 8  "010 - .114  
5 9 0  5 4 0  - . 0 1 1  - .116  
598 5 6 3  - . 0 1 1  - . 1 1 0  
5 9 4  381 - . 0 2 6  - . 155  
5 5 3  594   "006  "103 
4 7 5  4 1 8   - . 0 2 0  - . 1 4 6  
5 6 1  ( 5 7 0 )  - .  008  - .  1 0 8  

3 8 1   ( 5 7 0 )  . 1 5 1  .634  

692  3 0 4  - . 0 4 0  - . 2 1 0  
6 5 1  630  - . 0 1 4  - . 1 3 0  

5 6 3   3 6 9   . 1 5 2   . 6 6 6  

6 6 0  5 0 8   - . 0 4 7   - . 2 3 6  

3 1 1 . 2 1 3 3 7  
- .  

1 

3 1 4 . 7 1 3 7 3   2 1 7 . 2   2 8 5 . - 6  2 

314.36269 2 1 6 . 3 ' 2 8 9 %  1. 

318 .25860   216 .8   287 . ;2  1. 
3 1 8 . 2 5 8 6 1  ~: 1 

3 1 8 . 3 1 2 0 3  215.8 2 9 1 . 6  1 
3 1 8 . 3 1 1 9 3  2 
3 1 8 . 3 1 2 0 2  
3 1 8 . 3 1 1 9 2  

- L ,  1 . 
-. 2 

3 1 8 ' 3 1 x g i  ~ 1. 
318 -31187 1 

321,86069 215 .3  293 -4 .  1 
3 2 3; .8qlna; .3 f '  1 . .  ." - . .  

3 2 5 . 3 4 8 3 4   2 1 6 . 1   2 9 0 . 4  1 
3 2 5 . 3 4 8 4 0  2 
3 2 5 . 3 4 8 4 3  2 
3 2 5 . 3 4 8 4 6  1. 
3 2 5 . 3 4 8 4 1  2 

3 2 5 . 4 0 9 4 7   2 1 4 . 7   2 9 5 . 2  I.! 
3 2 5 . 4 0 9 4 7  1 . 5  
3 2 5 . 4 0 9 5 1  1 
3 2 5 . 4 0 9 4 3  1 
3 2 5 . 4 9 0 4 5  1 .1  - 
3 3 2 . 4 3 8 6 4   2 1 5 . 2   2 9 3 . 5  2 
3 3 2   - 4 3 8 5 9  1 . 5  

.._ .*.. 

3 3 2   - 5 0 6 0 8   2 1 3  - 6  298. '6 2 
3 3 2 . 5 0 6 0 6  1 . 5  
3 3 2 . 5 0 6 0 5  1.: 
3 3 2 . 5 0 6 0 5  1.: 
3 3 2 . 5 0 6 0 8  1 . 5  
3 3 2 . 5 0 6 1 3  . - 1 

3 3 2 . 5 0 6 0 8  1 

3 3 5 . 9 8 3 8 9   2 1 4 . 7   2 9 5 . 0  1 

3 3 6 . 0 5 3 9 5   2 1 3 . 0   3 0 0 . 3  1 . 5  
3 3 6 . 0 5 3 9 8  1 . 5  

3 4 3 . 0 7 4 8 8   2 1 3 . 8   2 9 8 . 1  1 . 5  

3 4 3 . 1 4 9 5 8   2 1 1 . 8   3 0 3 . 7  2 

3 4 6 . 6 2 0 7 5   2 1 3 . 2   2 9 9 . 6  1 . 5  



DT DX Dz 3RA DD J E D  - PH1 PH2 Ws 
2448000  

5 . 6   7 3 4   4 9 2  - . 0 6 0  - . 2 8 0   3 4 6 . 6 9 7 2 1   2 1 1 . 1   3 0 5 . 1  1. 
5 . 6   6 9 3   4 8 8   - . 0 6 2   - . 2 8 1   3 4 6 . 6 9 7 2 4  2 
5 . 6   7 2 1   4 7 4   " 0 6 4   - . 2 8 4   3 4 6 . 6 9 7 2 2  2 
5 . 6   6 4 9   4 9 7  - . 0 6 1  "279   346 .69726  1. 

" 
. 3 1 3  0 5  2 3  1 3 . 4  

, i . 3 1 3  0 5  2 3  1 5 . 1  
a 1 . 3 1 3  0 5  2 3  13 .8  

j e 1 . 3 1 3   0 5   2 3   1 7 . 3  

j x Z e l . 0 3 4  18 3 1  5 0 . 0  
,:V2e1.034 18 3 1  5 2   - 4  

3EL2e1.034 1 8  3 1  52 -2-  

5 . 4   8 1 4  186 " 1 0 2   - . 3 9 8   3 5 0 . 2 4 4 5 6   2 1 0 . 4   3 0 6 . 6  1 
5 . 5  757 340   "089   "360   350 .24459  2 
5 .0   762   (40 (1 ) - .084   "346   350 .24458  1 

TER201.104 18 5 3   3 4 . 0  - 3 . 3  717 4 5 0   . 1 9 7   . 7 9 9   3 5 7 . 2 5 9 0 3   2 1 1 . 5   3 0 4 . 0  1 

T E R 2 e l .   1 0 4  20  4 8  53 .3  
TMR2el .104 2 0  48  5 4 . 4  
GEA2e1.104 2 0  4 8  55.8 
OHP2e1.104 20  4 8  5 4 . 7  
BOR2e1.104 20  4 8  5 4 . 8  
HEG2e1.104 2 0  4 8  55 .1  
ESS2e1 .104  20  4 8  57.5 

5 . 4   8 3 4   5 9 1   - . 0 9 9   - . 3 8 9   3 5 7 . 3 3 9 1 1   2 0 9 . 1   3 0 9 . 6  1. 
5 . 5   8 0 8   6 3 4   " 0 9 5   " 3 7 9   3 5 7 . 3 3 9 1 2  - 1 
5 . 3   7 7 9   3 4 9   - . 1 2 0   - . 4 4 8   3 5 7 . 3 3 9 1 4  
5 . 3   8 0 4   4 0 2  "115 - . 4 3 5   3 5 7 . 3 3 9 1 2  
5 . 3   8 0 4  395 "116 - . 4 3 7 ,   3 5 7 . 3 3 9 1 2  
5 . 3  796 415 "114 -.432 357.33913 
5 . 2   7 4 2  322 "122  "455 357.33916 

2 
1 . E  

2 
1.: 

2 

4 . 9   9 4 1  256- "138 - .521 3 6 0 . 8 8 6 2 5   2 0 8 . 4  311.1 1 
~ .. . 

4 . 8  956 378:-.154 - . 5 3 7 " 3 6 4 . 4 3 3 2 0   2 0 7 . 7  312.6 1 
4 . 8  957 3 9 4  "153 -.533 3 6 4 . 4 3 3 2 0  1 

V I U e 1 . 1 4 4   0 9  57 1 2 . 8  

3 0 R 2 e 1 . 1 7 4  2 3   0 5  1 9 . 1  
OHP2e1.174 2 3   0 5  1 9 . 1  

SMD2e1.254 0 1  2 1   1 7 . 0  4 . 0  991  4 6 5   - . 1 8 6   " 6 3 2   3 7 1 . 5 2 7 0 0   2 0 6 . 3   3 1 5 . 4  1 . 5  

R 1 0 2 0 1 . 2 6 5   2 1   4 6   3 2 . 8  -3 .5  1 0 4 1  567 -151 .576 4 0 3 . 3 7 5 0 1   2 0 2 . 2  323.3 2 

MEUle2.224 18  57 0 4 . 2  4 . 3  1551 3 0 3   . 0 9 2   - 1 7 2   3 6 9 . ' 2 6 0 3 6   2 1 5 . 4  338.5 1 . 5  

3 R 5 1 e 2 . 2 9 4  2 1  11 4 0 . 5  
OH?le2 .294  2 1  11 37 .9  
N I C l e 2 . 2 9 4  2 1  11 3 9 . 0  
N I C l e 2 . 2 9 4  2 1  11 4 3 . 0  

4 . 3   1 4 7 6   ( 3 3 0 )   . 0 5 3   - 0 6 2  376.35318 2 1 8 . 1   3 3 7 . 0  1.: 
4 . 3   1 5 4 5   ( 3 3 0 )   - 0 5 3   . 0 6 1  376.35315 1 . 5  
4 . 3  1515 ( 3 3 0 )   . 0 5 3   . 0 6 2  376.35317 1 . 5  
4 . 3   1 4 1 0   ( 3 3 0 )  -353 . 0 6 1   3 7 6 , 3 5 3 2 1  1 . 5  

DNCle2 .145  0 1  4 1   4 6 . 0  4 . 4   1 5 9 0   4 3 4   - . 0 1 9  "137 3 9 0 . 5 3 9 4 6   2 2 3 . 4   3 3 4 . 4  1 

ESOle2 .065  2 3   2 6  2 8 . 1  
BORle2 .065  2 3   2 6  3 4 . 1  

4 . 4   1 6 2 4   ( 3 3 0 )   - 0 1 3   " 0 5 1   3 8 3 . 4 4 6 1 4   2 2 0 . 9   3 3 5 . 5  1 
4 . 4   1 4 7 4   ( 3 3 0 )   . 0 1 3   - . 0 5 1   3 8 3 . 4 4 6 2 1  1 . 5  

i ( A V l e 2 . 1 7 5   1 4   4 9   4 1 . 8  4 . 4   1 4 2 8  355 - . 0 4 4   - . 2 0 5   3 9 4 . 0 8 6 3 2   2 2 5 . 1   3 3 3 . 4  2 

-XE'Jle2.245 17 0 5   3 7 . 4  4 . 4   1 4 0 5   ( 3 3 0 ) - . 0 8 4  - . 3 1 0  4 0 1 . 1 8 0 1 1   2 2 ' 7 . 9   3 3 1 . 9  1 . 5  

1 2 . 9   1 3 5 2   5 2 9   - 1 9 9   . 5 5 5   3 1 7 . 1 6 2 9 9   1 5 9 . 3  1 0 1 . 0  1 . 5  IKAK4e2.013 1 6   3 0   5 2 . 8  

Z(AV4e2.183 1 9  43 2 5 . 4  
2 I C 4 e 2 . 1 8 3  19  43 1 4 . 1  
3ER4e2 .183  1 9  43  3 4 . 0  
OHP4e2.183 1 9  43 3 0 . 9  
TER4e2.183 1 9  43 1 5 . 4  
CAF4e2.183 1 9  43  2 5 . 1  
GEA4e2.183 1 9  43  2 2 . 1  
QH?4e2.183 1 9  43 2 4 . 5  
CAF4e2.183 1 9  43 2 4 . 4  

4 . 7  
4 . 7  
4 . 7  
4 . 3  
4 . 6  
4 . 6  
4 . 6  
4 . 6  
4 . 6  

1 8 4 3  
1 9 9 9  
1 6 8 3  
1 7 4 6  
2033  
1 8 5 1  
1 9 0 5  
1 8 6 1  
1 8 6 4  

2 5 9   . 2 7 0   . 7 4 0   3 3 4 . 2 9 5 5 8   1 6 7 . 6   3 6 . 9  2 
1 0 6   - 2 4 4   . 7 0 7   3 3 4 . 2 9 5 4 5  1 . 5  
2 6 7   . 2 7 2   . 7 4 2   3 3 4 . 2 9 5 8 8  & 1 

3 3 4 . 2 9 5 5 8  
4 6 0   . 2 8 6   . 7 9 0   3 3 4 . 2 9 5 4 6  2 
4 2 3   - 2 8 3   . 7 8 1   3 3 4 . 2 9 5 5 7  2 
2 7 1   - 2 7 1   - 7 4 3   3 3 4 . 2 9 5 5 4  2 
4 1 5  .283  . 7 7 9   3 3 4 . 2 9 5 5 7  1 . 5  
4 2 3   . 2 8 3   - 7 8 1   3 3 4 . 2 9 5 5 6  2 



F 

Table I . 

da t e  Midtime DT DX Dz D M  DD J E D  PIril PH2 0, 
2 4 4 8 0 0 6  

/ 

i 2 e 4 . i O 3   0 3   4 4   2 2 . 9  

" A F 2 e 4 . 2 9 4   2 2   1 7   5 1 . 4  

ZNL3e4.154 0 1  3 4   1 6 . 1  

ORM3e4.165 0 0  5 5   2 9 . 8  

MEU4e3.204  23 13 0 8 . 5  

CAF3e1 .075   20   29   08 .9  
CAF3e1.075 20  29  0 8 . 6  
N I C 3 e 1 . 0 7 5  2 0  2 9  O9-,9 
N I C 3 e 1 . 0 7 5  20  2 9  081*,4: 
OHP3e1.075 20  2 9  0 6 . 9  
CAT3e1.075 20  2 9  07 .0  
BOR3e1.075 20  2 9  0 5 . 7  

GEA3e1.145  23   20  08;:b 

GEA3e1.225  02 15 2 8 . 9  
ORM3e1.225  02 15 3 6 . 9  

OHP3e1.276 1 6  4 3   5 4 . 9  

O H P 3 e l . 0 4 7  1 9  42 36 .9  

ORM4e1.085 0 1  2 5  1 1 . 0  
3MD4e1.085 0 1  2 5  1 1 . 8  

GZA203.13n 0 1  4 7   3 1 . 5  
P I C 2 0 3 . 1 3 n  0 1  4 7   3 8 . 7  

TER203.20n 05 1 0  1 5 . 2  
OHP203.20n 05  1 0  2 2 . 9  
GEA203.20n 0 5  1 0  0 1 . 9  

s"FC203.27n  08   32   10 .4  

TMR203.25d  22 0 6  5 9 . 7  

? I C 2 0 3 . 0 2 1  0 1  3 9   3 7 . 3  
CAT203.021 0 1  39  0 4 . 6  
G E ~ 2 0 3 . 0 2 1  0 1  3 9   1 0 . 3  

ZSO203 .091   05   24   32 .6  

Ss"A203.29m 1 0  0 8   2 3 . 5  

' I C 2 e 3 . 0 1 1   2 2   5 3   1 0 . 2  
GZA2e3.011  22  53 1 8 . 1  

CAT2e3 - 0 9 1   0 3   0 3   0 6 . 4  

7 . 8   3 2 6  

- 3 4 . 9  

1 9 . 4  

1 0 . 3  

8 . 1  

5 . 1  
5 . 2  
5 . 2  
5 . 2  
5 . 2  
5 . 2  
5 . 1  

5 . 7  

6 . 0  
6 . 1  

3 . 2  

3 .3  

1 2 . 0  
1 2 . 0  

9 . 5  
9 . 3  

1 2 . 6  
1 3 . 1  
1 2 . 6  

1 4 . 1  

1 4 . 5  

1 4 . 0  
1 3 . 7  
1 2 . 3  

1 3 . 2  

6 8 . 2  

- 8 . 8  
- 9 . 3  

- 9 . 6  

136 

2 2 4  

4 9 3  

-137  

1 1 4  
1 2 1  
a0 

. 125 
162 
160 
191  

35 

117 
-44 

3 1 0  

2 0 1  

1568 
1558 

2 0 0  
2 0 9  

2 1 1  
1 0 3  
3 9 2  

3 4 7  

157 

232  

3 2 5 . 6 3 0 1 9   2 3 7 . 0   3 4 2 . 6  

3 7 6 . 3 9 9 c 4  ,P. ' 3 8 1 . 7   3 5 3 . 6  

-.1 3 3 . 6  

- 1 1 6   . 1 2 3   . 2 1 8  3 9 2 . 5 0 7 1 5  217 -1 3 3 9 . 9  

- 4 1 1   . 4 8 7   1 . 3 1 2  3 6 7 . 4 3 8 3 6   1 5 9 . 8   3 7 . 3  

2 6 0   . 2 7 0  - 6 7 2  3 8 4 . 3 2 2 9 2   1 6 5 . 9   3 8 . 2  1 
175 - 2 6 3  - 6 5 1  384 .32292 .7 , s :~ .2 ,  . 

1 8 2   . 2 6 4  .653  384.32292 c 

2 2 9   . 2 6 8  - 6 6 4  3 8 4 . 3 2 2 9 0  1. 
2 5 0   - 2 7 0   . 6 6 9   3 8 4 . 3 2 2 9 0  c 

2 8 7   - 2 7 2   - 6 7 8   3 8 4 . 3 2 2 8 9  r 

2 0 8   - 2 6 6   - 6 5 9  384-32zs::f:!:'j':":' 1. 
c 
1 

1 

1 

1 

-9 -176  - 3 9 7  391.44102 1-63-5 4 6 . 2  I 

( 2 0 0 )   . 1 2 7   . 2 5 8   3 9 8 . 5 6 2 1 8  161 .3  5 4 . 8  i .  
( 2 0 0 )  .127 . 2 5 8   3 9 8 . 5 6 2 2 7  1. 

4 3 5 . 1 6 2 6 0  200 .0  2 9 9 . 4  

4 4 2 . 2 8 6 3 1  197.9 3 0 8 . 4  

1 0 2  - . l o 5  "413  384 .52848 167.2 8 0 . 3  2 
2 66 - . l o 8  "422  384 .52849 

2 4 8   . 2 8 8   - 8 4 2   2 0 8 . 5 4 6 1 9   2 4 7 . 0   3 2 4 . 4  I 
2 2 2   . 3 1 2   . 8 2 6  2.08 - 5 4 6 2 7  1 

2 0 9   . 2 3 8  .565  2 1 5 . 6 8 7 6 1   2 5 0 . 5   3 2 3 . 4  1. 

2 3 3   - 2 4 0  . 5 7 1  2 1 5 . 6 8 7 4 5  1. 
-61 -216  - 4 9 3   2 1 5 . 6 8 7 6 9  1 

- 9 9   . 1 3 9   . 2 6 0   2 2 2 . 8 2 8 4 4   2 5 4 . 2   3 2 2 . 6  1 

-35 - .034   "235  2 5 1 . 3 9 6 3 4   2 7 0 . 8   3 2 1 . 1  1 

1 1 6  -.032  "220 2 5 8 . 5 4 4 3 6   2 7 6 . 0   3 2 1 . 4  i . .  
4 6 1   - 1 7 4  - . 0 6 0  - . 3 0 6   2 5 8 . 5 4 3 9 8  1.: 
431   -247   "071   "326   258 .54403  A 1 

3 7 5   2 2 2   - . 0 2 1  "171 2 6 5 . 7 0 0 8 4   2 8 2 . 4   3 2 2 . 3  1 

-487 58 - . U I  - . m  n o . a g 6 9 4   3 0 . 5  ~ 2 . 4  1 . -  

344  1 5  . 1 9 6   . 7 4 4   2 5 8 . 4 2 8 7 7   2 6 9 . 8   3 2 1 . 1  1 
282  -111 . 1 8 6   - 7 1 2  2 5 8 . 4 2 8 8 6  1 

222  2 . 1 4 2   . 5 4 5  2 6 5 . 6 0 2 6 2   2 7 6 . 5   3 2 1 . 5  1 . 5  



.1 , ' 3 ,  
Table I : 

:,J t e Mid t i m e  DT DX Dz DRA DD J E D  - P H I  PH2 W 

i 

2448000 

. j . 1 6 1  0 7   4 2   4 2 . 5   - 9 . 0   3 0 6   1 4 0   - 1 2 1   . 4 4 4   2 7 2 . 7 9 6 9 9   2 8 5 . 2   3 2 2 . 9  . 

. ? e 3 . 2 3 1   1 4   0 4   1 2 . 1  
, ~ ; 2 e 3 . 2 3 1   1 4   0 4   2 6 . 2  

3 0 R 2 e 3 . 1 6 6   2 0   4 3   4 2 . 6  

MKH2e3.22m 0 8   5 7   3 8 . 0  

R C I 3 e 2 . 2 5 3   1 9   4 2   1 8 . 0  
TMR3e2.253 19  42 1 7 . 1  
HAN3e2.253 1 9   4 2  1 9 . 1  

CAF3e2.014 22 56  2 5 . 5  
: GEA3e2.014 22 56  3 3 . 9  . GEA3e2.014 22  5 6  2 5 . 3  
1 CAF3e2.014 22 56  2 6 . 7  

CAF3e2.014 22 56  2 7 . 3  
OHP3e2.014 22  56  31.8 
BOR3e2 - 0 1 4  22  56  2 7 . 7  
TER3e2.014 22 56  2 6 . 3  
PAR3e2.014 22 56  3 6 . 0  

MKH3e2.164 05  26  5 4 . 6  
DAC3e2.164 05  26  5 4 . 4  
TPK3e2.164 0 5  26  5 1 . 8  

MKH3e2.234 0 8  4 2   4 7 . 4  

VIA302 .196   08   28   24 .2  

- 9 . 7  
- 9 . 6  

6 . 0  

- 5 4 . 5  

3 . 5  
3 . 6  
3 . 5  

4 . 4  
4 . 4  
4 . 4  
4 . 5  
4 . 5  
4 . 0  
4 . 4  
4 . 4  
4 . 6  

5 . 2  
5 . 2  
5 . 2  

5 . 4  

- 4 . 6  

246  -115 . 1 3 4   . 4 0 7  
212  '.  -1% . I 4 2   . 4 4 0  

- 2 4 1  . -52 " 0 9 7   - . 3 6 1  

-479  ' . ' I O 0  - . 060  - .  1 2 4  
" 

~ 

-368 363  . 3 4 5  - 9 6 8  
-354 300 . 3 3 9  . 9 5 3  
-394  324  - 3 4 0  - 9 5 9  

-159 487 . 2 6 5  - 7 0 5  
-347 473  . 2 6 4  - 7 0 1  
-154  484 -265  - 7 0 4  
-186  404  . 2 5 8  - 6 8 4  
- 2 0 1  337 - 2 5 3  . 6 6 8  
-300 4 4 5  - 2 6 1  - 6 9 4  
-209  467.  .263..- .700 
-176  5 0 4  "246 - 7 0 9  
-398  2 3 1  - 2 4 4  . 6 4 1  

-332 ( 4 0 0 )  - 0 7 6  . 1 2 4  
-332 ( 4 0 0 )  - 0 7 3  . 1 2 4  
-275  ( 4 0 0 )  - 0 7 3  - 1 2 4  

- 3 2 9   4 5 1   - . 0 1 3   - . 1 2 6  

-610 4 7 8   - 0 2 9   . 1 4 9  

2 8 0 . 0 6 2 0 3   3 0 1 . 4  
2 8 0 . 0 6 2 1 9  

4 2 4 . 3 2 9 8 0   1 5 4 . 8  

7 0 3 . 8 4 8 1 1   3 0 . 7  

3 4 1 . 2 9 4 2 5   1 6 4 . 2  
3 4 1   - 2 9 4 2 4  
3 4 1 . 2 9 4 2 2  

3 4 8 . 4 2 8 4 6   1 6 2 . 6  
3 4 8 . 4 2 8 5 6  
3 4 8 . 4 2 8 4 6  
3 4 8 . 4 2 8 4 7  
3 4 8   - 4 2 8 4 8  
3 4 8 . 4 2 8 5 3  
3 4 8 . 4 2 8 4 9  
3 4 8 . 4 2 8 4 7  
3 4 8 . 4 2 8 5 8  

3 6 2 . 6 9 8 3 6   1 5 9 . 5  
3 6 2 . 6 9 8 3 5  
3 6 2 . 6 9 8 3 2  

3 6 9 . 8 3 3 7 2   1 5 8 . 0  

4 2 6 . 8 1 9 0 0   1 4 8 . 5  

3 2 7 . 9  1 

1 5 . 4  1 

1 8 . 5  1 

2 5 . 8  L 
1 

- 

2 8 . 5  1. 

1. 
r 

L. 

r 
L 

L 
r 

1. 

1. 
1. 

3 3 . 9  1. 
1. 

c 
L 

I - 
3 6 . 6  1. 

5 5 . 8  1 

ESO: 
BMD : 
GEA: 
R C I :  
ORM: 
CAT : 
TOK : 
N I C :  
TER : 
CAF : 
KAV : 
2 R I  : 
EiAN: 
OHP : 
"AR : 
BSP: 
:(AK : 
Z N L  : 
SFC: 
DAC : 

Observatory Code; L o c a t i o n s  

European S o u t h e r n  Obs. Chile 
B o w i e  Maryland USA 
Grup d' Estuds Astron.  N o .  S p a i n  
Reggio Calabria I t a ly  
Oak Ridge O b s .  Mass. USA 
Catania Astrophys. Obs. S i c i l y  
Tokyo O b s .  Japan 
Nice Obs. F r a n c e  
C o l l u r a n i a  Obs. Teramo I t a l y  
Calern, Cote  d ' A z u r   F r a n c e  
Va inu   Bappu  Obs. Kavalur India 
P r o v i d e n c e  Rhode I s l a n d  USA 
Haras t u a  Norway 
O b s .  H a u t e - P r o v e n c e  France 
Paris O b s .  F r a n c e  
Barcelona S p a i n  
Kakuda Japan 
Zoetermeer Netherlands 
S a n   F r a n c i s c o  C a l .  USA 
Devon A s t .  O b s .  Alberta Canada 

BNZ : 
LOW : 
V I A  : 
PIC:  
R I O  : 
BOR : 
m u  : 
CNR : 
SSA: 
" I :  
TOC : 
BRB : 
DNC : 
BER : 
HEG : 
ESS: 
H N Y :  
TMR: 
TPK : 
BEL: 

Adams O b s .  Blenheim N .  Zealanc 
L o w e l l  O b s .  F l a g s t a f f  A r i z .  US 
Victoria NSW Aus t r a l i a  
P i c   d u  Midi F r a n c e  
R i o  de Janeiro B r a z i l  
Bordeaux Univ. O b s .  F r a n c e  
Meudon Obs. F r a n c e  
C l u j - N a p o c a  O b s .  Romania 
S i d i n g   S p r i n g  O b s .  Aus t r a l i a  
Mauna Kea, H a w a i i  
Toronto Ontar io  Canada 
Brasopolis B r a z i l  
Durham North Carol ina USA 
Ber l in  Germany 
H e u w e i l e r   G e r m a n y  
Essen Germany 
Xol t sv i l le  New York  USA 
Timisoara Romania 
Topeka  Kansas USA 
Belgrade O b s .  S e r b i a  
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